Backgrounds-Recent studies have identified the role of serologic markers in characterizing disease phenotype, location, complications, and severity among Northern Europeans (NE) with Crohn's disease (CD). However, very little is known about the role of serology in CD among African Americans (AA). Our study explored the relationship between serology and disease phenotype in AA with CD, while controlling for genetic ancestry.
Methods-AAs with CD were enrolled as participants through multicenter collaborative efforts. Serological levels of IgA anti-Saccharomyces cervisiae antibody (ASCA), IgG ASCA, E. coli outermembrane porin C, anti-CBir1, and ANCA were measured using enzyme-linked immunosorbent assays. Genotyping was performed using Illumina immunochip technology; an admixture rate was calculated for each subject. Multiple imputation by chained equations was performed to account for data missing at random. Logistic regression was used to calculate adjusted odds ratio (OR) for associations between serological markers and both complicated disease and disease requiring surgery.
Results-A total of 358 patients were included in the analysis. The majority of our patients had inflammatory, noncomplicated disease (58.4%), perianal disease (55.7%), and documented colonic inflammation (86.8%). On multivariable analysis, both IgG ASCA and OmpC were associated with complicated disease (OR, 2.67; 95% CI, 1.67-4.28; OR, 2.23; 95% CI, 1.41-3.53, respectively) and disease requiring surgery (OR, 2.51; 95% CI, 1.49-4.22; OR, 3.57; 95% CI, 2.12-6.00). NE admixture to the African genome did not have any associations or interactions in relation to clinical outcome.
Conclusions-Our study comprises the largest cohort of AAs with CD. The utility of serological markers for the prognosis of CD in NE applies equally to AA populations.
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African Americans; Crohn's disease; inflammatory bowel disease; serology Crohn's disease (CD) encompasses a spectrum of chronic, relapsing, and remitting inflammatory symptoms that affect pediatric and adult populations, with the peak incidence occurring in adolescents and young adults. Recent studies have explored the relationship between genetic, microbial, and immune responses in CD, including the role of antimicrobial serologies in characterizing disease phenotype, clinical course, and natural history. [1] [2] [3] [4] In particular, significant associations have been identified between the presence of antibodies to Saccharomyces cerevisiae (ASCA IgA and ASCA IgG), antibodies to Escherichia coli outer membrane porin C (anti-OmpC), antibodies to CBIR1 flagellin (anti-CBir1) and perinuclear anti-nuclear cytoplasmic antibodies (pANCA) with disease phenotype and clinical outcomes. 5 ASCA, anti-CBir1, and anti-OmpC positivities have been associated with ileal disease, stricturing, and/or penetrating disease, a higher risk for surgery, and earlier disease onset, while ANCA positivity has been associated with colonic disease and a more "benign" disease course. 4 The vast majority of these studies have originated from North America and Europe and have primarily focused on patient populations of Caucasians of Western European decent. Although the findings of these studies have contributed to our understanding of CD pathogenesis as well as to the development of tools both for differentiating types of inflammatory bowel disease (IBD) and predicting risk stratification, these findings need to be explored in non-Caucasian populations. 1 An understanding of the relevance of these markers in demographically diverse groups is necessary if the potential clinical utility of IBD serology is to be extended to all populations.
Historically considered a disease of Northern European (NE) ancestries, it is now recognized that CD affects every race and ethnicity, with a rising incidence in non-European populations. Furthermore, CD characteristics, treatment responses, and disease course can vary in different populations. [6] [7] [8] Specifically, the epidemiology, genetics, and natural history of IBD among African Americans (AAs) remains severely understudied. [6] [7] [8] With regards to IBD-associated serology in AA, there has only been 1 study to date, which identified that ASCA has a similar sensitivity but lower specificity for CD, as well as an association with ileal involvement, complicated behavior, and surgery in AAs with CD. 9 In addition to limiting investigations on ASCA alone, this study was further limited by its reliance on selfreported ethnicity. AAs are an admixed population, and the AA genome on average is comprised of 80% West African ancestry and 20% European ancestry. 10 Due to differences in environmental and genetic influences among various ethnic populations, there is a need to further delineate the diagnostic value of these biomarkers among AA. 4 Although genetic susceptibility among Caucasians and AAs is mostly similar, differences exist, including the association with NOD2 mutations, which is less influential in AAs, possibly due to Caucasian admixture among AAs. Hence, exploration of these serological markers in AAs among CD phenotypes may allow clinicians to risk stratify in an important and growing demographic of IBD patients. Our study was designed to explore the relationship between antibodies and disease phenotype in AAs with CD while controlling for genetic ancestry.
MATERIALS AND METHODS

Study Design and Hypothesis
We conducted a cross-sectional study testing the hypothesis that serological levels of IgA ASCA, IgG ASCA, anti-OmpC, anti-CBir1, and ANCA are a risk factor for complicated disease and disease requiring surgery among AAs with CD. The 
Study Population
The study population was recruited between August 2011 and March 2014 from 12 participating sites. Serum and genomic DNA along with clinical data were obtained on all the subjects and entered into an electronic database (RedCap). All clinical information was obtained either at the time of enrollment or by retrospective chart review. All cases had a diagnosis of CD, based on standard diagnostic criteria, readily available serological results, and clearly documented disease behavior. Related individuals were removed from the study. time of blood draw or via retrospective chart review. CD phenotype was classified in accordance with the Montreal Classification for adults and Paris Classification for children. 12, 13 For disease location, patients were classified into 1 of 4 mutually exclusive groups: L1 (terminal ileal disease +/− limited cecal disease), L2 (colonic disease), L3 (ileocolonic disease), or L4 (isolated upper disease without evidence of ileal or colonic disease). The presence of upper gastrointestinal disease was categorized into 4 groups: 0 (no disease), L4a (upper disease proximal to the Ligament of Treitz), L4b (upper disease distal to the Ligament of Treitz and proximal to the distal 1/3 ileum), and L4ab. 13 Each patient's disease behavior was categorized into 1 of 4 groups: B1 (non-stricturing nonpenetrating disease), B2 (stricturing disease), B3 (penetrating disease), and B2B3 (both stricturing and penetrating disease, either at the same moment in time or separately over a period of time). 13 Complicated disease was defined as B2, B3, or B2B3. Perianal disease was positive if the patient had any of the following: skin tag, anal fissure, perianal abscess, or perianal fistula. History of surgery was defined as any confirmed, documented surgical procedure necessary for the treatment or management of CD except surgery related to existing perianal disease.
Serological Analysis
Blood samples were collected at the time of enrollment. Sera were measured for expression of ASCA IgG, ASCA IgA, anti-OmpC, anti-CBir1, and ANCA antibodies in a blinded fashion by an enzyme-linked immunosorbent assay (ELISA). The tests were run at Cedars-Sinai using previously described protocols and standards. 14 Antibody levels were measured relative to the Cedars-Sinai Laboratory standard and were expressed in ELISA units (EU/ mL).
All serological values were treated as continuous variables except when used for bivariable analysis, where they were analyzed as categorical variables. All cutoff values were determined according to previous studies. 14
Genotyping
DNA samples were derived from whole blood. All DNA samples were genotyped by immnochip using the Illumina Immunochip, and the genotyped cells were made by using GenomeStudio version 2011. We have then extracted the data for NOD2/CARD15 single nucleotide polymorphsims (SNPs) rs2066844, rs2066846, and rs5743293.1 and Genotyping Module version 1.9.4. Samples were genotyped at Cedars-Sinai Medical Center. For analysis purposes, patients were categorized by NOD2 genotype: NOD2-positive patients included those who carried at least 1 CD-associated NOD2 allele; NOD2-negative patients included those who carried only non-risk alleles.
African Ancestry Estimation
Because AAs are well modeled as linear combinations of West African and European ancestries, we chose the WINPOP model in the LAMP package to estimate the locusspecific local ancestry. WINPOP takes allele frequencies from ancestral populations (YRI and CEU from HapMap) as input, and outputs the local ancestry estimate for each sample at each SNP as a proportion of YRI at values of 0, 0.5, or 1. [15] [16] [17] The global YRI ancestry for each sample was estimated by using ADMIXTURE, which only requires sample genotypes and number of ancestral populations as input and outputs estimated proportion from each ancestral population with a numeric value ranging from 0 to 1. 18
Statistical Analysis
Statistical analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC) and R 3.1.1 (R Foundation for Statistical Computing, Vienna, Austria). Statistical tests were 2sided, and a P value of less than 0.05 was considered statistically significant. The Shapiro-Wilk Test was used to test for normality on all continuous variables. Descriptive statistics are presented as median (interquartile range) and percent (95% confidence interval) for continuous and categorical outcomes, respectively. Univariate analyses were performed to determine associations between outcome, exposure, and predictor variables. Nonparametric Mann-Whitney tests were used for all continuous variables, and chi-square or Fisher exact tests were used for binomial variables. All independent terms were tested for linearity with the log odds of the outcome using 5-knot restricted cubic splines (RCS) according to the method of Harrell. 19 One-knot linear splines were created based on review of the plot of the RCS and subject matter knowledge for those variables that did not meet this assumption. Multiple imputation by chained equations (MICE) was employed for multivariable analysis in order to account for data presumed to be missing at random. 20 Imputed data sets were only used for multivariable modeling.
A multivariable logistic regression model was used to evaluate the primary associations among serologic levels with the presence of complicated disease and disease requiring surgery. All relevant demographic, phenotypic, genetic, and serological variables except history of surgery, history of biologic use, and outcome of interest were included in the initial model. Fast backward variable selection using Wald chi-square of individual factors at the 0.05 significance level was performed until only statistically significant variables remained. 21 Odds ratios and 95% confidence intervals were calculated using the 75th percentile to the 25th percentile for all continuous variables as a way to assess which variables have the largest impact over the same range. All initial and final models were tested for interaction with percent African admixture.
RESULTS
Patient Characteristics
Data from 358 unrelated AA participants with CD were analyzed. The demographic and phenotypic characteristics of these participants are described in Table 1 . The median age at diagnosis was 15 years (IQR, 12-22.5). Ileocolonic disease was observed in 53.6% of patients. Perianal disease was observed in 55.7%. Disease behavior was complicated in 41.6%. Biologic agents were used at some point in the disease course in 69.9% of patients. NOD2 positivity was observed in 5.9% of patients. More than 15% of data was missing for percent African admixture. The median serological levels and respective IQR for all serological markers are displayed in Table 1 . The distribution of percent African admixture in the cohort is illustrated in Fig. 1 : Percent admixture rates range from 0.31 to 1.0, with a median of 0.83 (IQR, 0.8-0.9).
Patient Demographic and Phenotypic Characteristics According to Serological Status
Among the 358 AA patients with CD, 155 (43.3%) were (IgG and/or IgA) ASCA positive, 112 (31.3%) were anti-OmpC positive, 177 (49.4%) were positive for anti-CBir1, and 61 (17.0%) were positive for ANCA. The demographic and phenotypic characteristics of participants according to serological status are displayed in Table 2 . On univariate analysis, the following characteristics were associated with ASCA positivity: personal history of immune-mediated (P = 0.02), EIM (P = 0.02), complicated disease (P < 0.0001), ileal disease (P < 0.0001), and disease requiring surgery (P = 0.002). Anti-OmpC positivity was significantly associated with age at enrollment (P = 0.005), complicated disease (P = 0.02), and disease requiring surgery (P < 0.0001). Anti-CBir1 positivity was associated with age at enrollment (P = 0.001), age at diagnosis (P = 0.008), percent African admixture (P = 0.004), current smoke exposure (P = 0.004), and isolated ileal disease (P = 0.03). A negative ANCA was significantly associated with EIM (P = 0.01), complicated disease (P = 0.003), and ileal disease (P = 0.01).
Patient Characteristics and Serological Levels Associated With Complicated Disease
One-knot linear splines were set at 15 EU/mL, 20 EU/mL, and 20 EU/mL for the variables ASCA IgG, anti-OmpC, and anti-CBir1, respectively (Supplemental Digital Content, Fig.  S1 ). The final multivariable model (Table 3) , after fast backwards selection of individual factors at the 0.05 significance level, showed that OmpC (OR, 2.23; 95% CI, 1.41-3.53), IgG ASCA (OR, 2.67; 95% CI, 1.67-4.28), and ileal disease (OR, 2.94; 95% CI, 5.26-8.77) were independently associated with complicated disease. There was no interaction between NOD2 positivity and any of the serological markers in the final model. Additionally, the interaction between percent African admixture and all covariates included in the initial and final model was assessed and found to be insignificant.
Patient Characteristics and Serological Levels Associated With Surgery
One-knot linear splines were set at 25 years, 40 EU/mL, 20 EU/mL, and 20 EU/mL for the variables age at diagnosis, IgA ASCA, IgG ASCA, and anti-OmpC, respectively (Supplemental Digital Content, Fig. S2 ). The final multivariable model (Table 4) , after fast backwards selection of individual factors at the 0.05 significance level, showed that disease requiring surgery was independently associated with NOD2 positivity (OR, 2.9; 95% CI, 1.01-8.33), IgG ASCA (OR, 2.51, 95% CI, 1.49-4.22), and anti-OmpC (OR, 3.57; 95% CI, 2.12-6.00). There was no interaction between NOD2 positivity and any of the serological markers in the final model. Additionally, interaction between percent African admixture and all covariates included in the initial models and the final remaining model was assessed and found to be insignificant.
DISCUSSION
Our study was designed to describe the phenotypic behavior of CD in AAs and to explore the relationship between antimicrobial serology and disease outcomes, while controlling for genetic ancestry. Our series comprises the largest cohort of AAs with CD and is the first study to evaluate anti-OmpC, anti-CBir1, and ANCA and their association with phenotype and disease behavior. 
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We found that the majority of AAs with CD had inflammatory, noncomplicated disease type (58.4%), mostly the colon (86.8%). Fifty-three percent of patients with colonic disease also had disease affect the small bowel, and 55.7% of our patients had perianal disease at the time of enrollment. Our observations regarding primary disease location and disease behavior concur with the findings of both Mahid et al. and Hou et al., who published systematic reviews on the epidemiology and phenotypic presentation of IBD in AAs. 7, 8 These findings are also consistent with those found in European ancestry populations, which is contrary to earlier literature reporting that AAs have a more severe course with different disease distribution. 22, 23 However, we found a notably higher prevalence of perianal disease than previously reported. Mahid et al. reported the prevalence of perianal disease to be 26%, Hou et al. reported a prevalence of 25%, and Dassopoulos et al. reported a prevalence of 34%. In other reports, the prevalence of perianal disease ranged from 0% to 60%. [24] [25] [26] [27] [28] [29] [30] [31] The wide range appears to be a function of (i) the sample size, (ii) the disease severity of the patient population, and (iii) the definition of perianal disease. The perianal disease modifier, as described in the Montreal Classification, includes skin tags, anal fissures, perianal abscesses, or perianal fistulas, but many studies either did not clarify how perianal disease was defined or included only perianal abscesses and fistulas in their definition. 12, 13 While numerous studies have reported the presence and magnitude of serological antibodies with complicated disease, ileal involvement, and earlier-onset disease in NE populations, less is known about these associations in AAs. Dassopoulos et al. conducted the first study to assess ASCA levels in AAs with CD. They reported that, similar to NEs, ASCA was independently associated with complicated behavior and surgery in AAs with CD. 9 Our study expands upon this study by exploring the association between ASCA, anti-OmpC, anti-CBir1, and ANCA with complicated disease and disease requiring surgery. We not only confirmed the association between IgG ASCA with complicated disease and surgeries but also identified an association between anti-OmpC with complicated disease and disease requiring surgery in AAs. We also found that IgG ASCA remained statistically significant after controlling for ileal disease, NOD2 positivity, and percent African Admixture. In contrast to prior reports, in which ASCAs were known to be associated with white populations, ileal involvement, and NOD2 status, the association between ASCA and complicated disease and disease requiring surgery is not the result of European admixture. 9, 32 Our findings do concur with prior literature regarding the association between anti-OmpC with complicated disease and the need for surgery in NE populations. 5, 33, 34 Dubinsky et al. were the first to tabulate antibody sum scores in NEs and found that the frequency of internal penetrating disease, stricturing disease, and disease requiring surgery increased as the number of immune responses increased. 5 In a subanalysis, we calculated antibody sum scores according to the method described by Dubinsky et al. and observed similar results (Supplemental Digital Content, Fig. S3 ). 5 We saw an increase in complicated behavior types (B2, B3, and B2B3) with a higher sum score, and, conversely, inflammatory disease (B1) was least present in the highest-sum group.
These findings suggest that the phenotypes of CD in Caucasians and AAs are not as dissimilar as initially believed. 22, 23 We hypothesized that the genetic differences between AAs and NEs would result in statistically significant, clinically meaningful differences between antimicrobial antibodies and their relationship with disease phenotype in CD. We also hypothesized that there would be an interaction between African admixture and serological levels, which was also not observed. Contrary to our initial hypotheses, we found that antimicrobial antibodies and their association with disease phenotype and behavior can be interpreted similarly between AAs and NEs. We postulate that these similarities are more of a function of similarities among the intestinal microbiota than differences in genetic make-up, emphasizing the role of the environment and the limitation of genetics to diagnose IBD or predict disease behavior. 1 These findings are further corroborated by twin concordance studies that have demonstrated that only a small percentage of the risk of developing inflammatory bowel disease is related to genetics. 35 Limitations of our study include the substantial missing data from our participant population and the predominance of participants diagnosed younger than age 16 years. While there was no missing data related to serological levels, we were missing more than 15% of data in variables measuring the presence of perianal disease and percent African admixture. Eleven additional confounding variables were missing values for anywhere between 1.4% and 14.0% of the participants. As a result, our sample size decreased by more than 50% when we performed the multivariable analysis using our original model. We addressed this limitation by performing multiple imputations by chained equations, a principled method of dealing with missing data. 20 We were also limited by the absence of demographic or phenotypic information on those patients who chose not to participate. Additionally, our study population was based on a population with a pediatric majority. The majority of our patients were diagnosed younger than age 16 years, which is not reflective of the general population and likely suggests a population with more severe disease.
In contrast to the hypothesis that the diagnostic value of antimicrobial and autoimmune antibodies would vary among different ethnic and geographic populations due to differences in environmental and genetic influences, we found that with respect to ASCA and anti-OmpC, they behave similarly in AA and NE populations recruited from similar geographic areas. 4 Our study also provides reassurance that the utility of serological markers for prognosis of CD applies equally to AA populations. Percent African admixture. The distribution of African admixture among all study participants. The median percent admixture was 0.83 percent, indicating that the genetic make-up of the majority of AAs in our study are 83% African and 17% European. IgA Anti-OmpC b
Comparing 27.7 EU/mL with 9.9 EU/mL 3.57 2.12-6.00 a ORs were calculated by comparing the 75th percentile with the 25th percentile.
b One-knot linear splines were created based on review of restricted cubic spline and subject matter knowledge.
